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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide an element that has an 
improved luminescent 

characteristic and is little deteriorated by forming, on a 
board, a positive 

electrode which is made of a transparent conductive film 
containing not less 

than one or two oxides of Ir, Mo, Nb, Os, Re, Ru, Rh, Cr, Fe, 
Pt, Ti, W and V 

as its additives, a negative electrode and organic layers 

interposed between 

them. 

SOLUTION: This element has a positive electrode 22, a 
positive hole 

inject ing-and-carrying layer 23, a luminescent layer, an 
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electron 

inject ing-and- carrying layer, a negative electrode 25 and a 
protective layer 

26 on a board 21 in this order. It is preferable that the 
principal 

constituent of a transparent conductive film is any of tin 
doped indium oxide, 

zinc doped indium oxide, indium oxide, tin oxide and zinc 
oxide. It is 

preferable that the positive electrode 22 includes a total of 
0.1-5 at.% 

additives in relation to total metal elements in the 
transparent conductive 

film in terms of metal content. The positive electrode 22 
has the maximum 

surface roughness not more than 10 0 nm and an average surface 
roughness not 

more than 3 0 nm and, in addition, the positive electrode 22 
is laminated on a 

transparent conductive film base and has a film thickness not 

less than 10 nm 

preferably. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the positive electrode which supplies an electron hole (hole) to 
a detail at a luminous layer further about the organic electroluminescence light emitting device (henceforth an 
organic EL device) which used the organic compound. 
[0002] 

[Description of the Prior Art] In recent years, the organic EL device is studied briskly. This is the component 
which has the basic configuration which used hole transportation ingredients, such as triphenyl diamine (TPD), 
as the thin film by vacuum evaporationo, made the luminous layer fluorescent materials, such as an aluminum 
quinolinol complex (Alq3), carried out the laminating further, and formed the metal electrode with still smaller 
work functions, such as'Mg, (cathode) on the positive electrode, and attracts attention by several 100 to several 
10,000 cd/m2 and very high brightness being obtained on the electrical potential difference before and behind 
10 V. 

[0003] It is thought that what pours in many electron holes (hole) to a luminous layer, a hole impregnation 
transportation layer, etc. is effective as for the ingredient used as a positive electrode of such an organic EL 
device. Moreover, it considers as the configuration which usually takes out luminescence light from a substrate 
side in many cases, and it is required to be a transparent conductive ingredient. 

[0004] as such a transparent electrode ITO (tin dope indium oxide), IZO (zinc dope indium oxide), ZnO, 
Sn02, and In 203 etc. - it is known. Especially, as a transparent electrode having 80% or more of light 
transmission, and the sheet resistance below lOohms / **, the ITO electrode is broadly used as transparent 
electrodes, such as a liquid crystal display (LCD), modulated light glass, and a solar battery, and promising ** 
is carried out also as a positive electrode of an organic EL device. 

[0005] By the way, an organic EL device may produce poor luminescence and a dark spot according to leakage 
current in changing a luminescence property according to the membrane formation conditions at the time of 
manufacture ****, or a component property may deteriorate with the passage of time. Therefore, it is an 
important technical problem how generating of a fault and degradation of a component property are prevented. 
Although various causes can be considered as a factor which degrades a component, the effect which the 
physical properties in the film interfaces between a positive electrode and an organic layer etc. have on a 
component life or a luminescence property is large, and an improvement of the physical properties in this 
positive electrode interface is important for it. 
[0006] 

[Problem(s) to be Solved by the Invention] It improves the physical properties in an organic layer interface, and 
there are also few damages to an organic layer, and it controls generating of leakage current etc., and the 
purpose of this invention has good charge injection efficiency, and is realizing the organic EL device which a 
luminescence property's is raised, controls generating of a dark spot, and has a positive electrode with little 
performance degradation. 
[0007] 

[Means for Solving the Problem] this invention person discovered being [ of a positive electrode surface ] a 
projection, and that it was effective to stop granularity and to carry out flattening of the film surface, as a result 
of inquiring about an improvement of the film physical properties in the positive electrode interface of an 
organic EL device. 

[0008] That is, the above-mentioned purpose is attained by the following configurations. 



(1) It is the organic EL device said whose positive electrode it has on a substrate a positive electrode, a cathode, 
and the organic layer pinched inter-electrode [ these ], and is one sort or transparence electric conduction film 
contained two or more sorts as an additive about the oxide of Ir, Mo, Mn, Nb, Os, Re, Ru, Rh, Cr, Fe, Pt, Ti, W, 
and V. 

(2) Said transparence electric conduction film is the organic EL device of the above (1) whose main 
presentations are either tin dope indium oxide, zinc dope indium oxide, indium oxide, the tin oxide and a zinc 
oxide. 

(3) said additive - metal conversion - all the metallic elements in the transparence electric conduction film 
receiving - a total of 0.1 to 5 at% -- the above (1) to contain or the organic EL device of (2). 

(4) For lOOnm or less and average surface roughness, the maximum surface roughness is [ said positive 
electrode ] one organic EL device of above-mentioned (1) - (3) it is [ - ] 30nm or less. 

(5) Said positive electrode is one organic EL device of above-mentioned (1) - (4) by which the laminating is 
carried out on the substrate transparence electric conduction film. 

(6) The organic EL device of the above (5) whose thickness of said positive electrode is lOnm or more. 

(7) The above (1) The manufacture approach of the organic EL device which forms the positive electrode of - 
(6) by DC spatter. 

(8) Said DC spatter is the manufacture approach of the organic EL device the above (7) which the product of the 
gas pressure at the time of membrane formation and the distance between a substrate and a target forms on the 
conditions with which 20 - 65 Pa-cm is filled. 

(9) The above (7) which used one or more sorts of Ar, Kr, and Xe for membrane formation gas, or the 
manufacture approach of the organic EL device of (8). 

(10) The manufacture approach of one organic EL device of above-mentioned (7) - (9) which forms a positive 
electrode after carrying out plasma treatment of the field where a positive electrode is formed 

[0009] 

[Embodiment of the Invention] Hereafter, the concrete configuration of this invention is explained to a detail 
The organic EL device of this invention has on a substrate a positive electrode, a cathode, and the organic layer 
pinched inter-electrode [ these ], and said positive electrode is one sort or transparence electric conduction film 
contained two or more sorts as an additive about the oxide of Ir, Mo, Mn, Nb, Os, Re, Ru, Rh, Cr, Fe, Pt, Ti, W, 
and V. By adding these oxides, the transparence electric conduction film becomes more close to an amorphous 
condition, the physical properties of the film interface as a positive electrode are improved, and generating of a 
poor component, such as leakage current, can be controlled. 

[0010] What is necessary is just to use the target which mixed the oxide, for example by the predetermined 
presentation ratio especially as a means to add these additives on the transparence electric conduction film, 
although not limited. In addition, although how to add using the target of the chip material containing oxide and 
a transparence electric conduction film presentation is also considered, the approach of adding using said mixed 
target is desirable. This becomes easy to control the concentration and the film physical properties of an 
alloying element. Or a presentation ratio is also controllable by using said oxide presentation target and the 
transparent electrode presentation target of 2 yuan by the system, and changing each power. 
[001 1] As a desirable oxide raw material, in order to maintain the conductivity of the transparence electric 
conduction film, electrical resistivity is small and what carries out metallic conduction is desirable, as the oxide 
of such metallic conduction - Cr02 etc. - chrome oxide and Fe 304 etc. - an iron oxide Ir02 etc. -- 
oxidization iridium and Mn02 etc. - manganese oxide and Mo02 etc. - molybdenum oxide -- NbO and Nb02 
etc. -- niobium oxide and Os02 etc. - osmium <8> oxide - Pt02 etc. -- oxidization platinum, Re02 (beta), and 
Re03 etc. - rhenium oxide - Rh02 etc. -- an oxidization rhodium and Ru02 etc. -- ruthenium oxide, Ti 203, 
Ti 305, Ti 407, and Ti 509 etc. -- titanium oxide -- W02 and W18049 etc. - tungstic oxide and V -- 203, 
V407, V509, and V - the vanadium oxide of 601 1, V7013, V8015, V02, and V6013 grade etc. can be 
mentioned preferably. These oxides may be used independently, and two or more sorts may be mixed and used. 
The mixing ratio in the case of two or more sorts being mixed and using these oxides is arbitrary. Moreover, 
although each oxide usually exists with the above-mentioned stoichiometric composition, it may be deflected 
somewhat after this. 

[0012] Moreover, it may replace with the oxide of the above-mentioned metallic conduction, or the oxide of the 
semi-conductor conduction with comparatively high resistivity may be used with it. as the oxide of such semi- 
conductor conduction - copper oxide, such as Cu20, and Cr 203 etc. -- chrome oxide, and MnO and Mn 203 



etc. ferrous oxide, such as manganese oxide and FeO, and CoO and Co 304 etc. - barium oxide, such as 
cobalt oxide and BaO, and Pr 203 Oxidization PURASEOJIUMU etc. - silver oxide, such as Ag20, and Bi 
203 etc. -- the bisumuth oxide - Ti02 etc. -- titanium oxide and Th02 etc. a thorium dioxide and V205 etc. - 
- a vanadium oxide and Nb 205 etc. -- niobium oxide and Ta 205 etc. - tantalum oxide and Mo03 etc. - 
molybdenum oxide and W03 etc. - tungstic oxide - LaCr03 the lanthanum chromium alloy oxide of **, and 
LaMn03 etc. -- lanthanum manganese alloy oxide and BaTi03 etc. - nickel oxide, such as barium titanium- 
alloy oxide and MO, etc. is mentioned. These oxides may be used independently, and two or more sorts may be 
mixed and used. The mixing ratio in the case of two or more sorts being mixed and using these oxides is 
arbitrary. The presentation ratio of this oxide semiconductor may be somewhat deflected from the above- 
mentioned stoichiometric composition. 

[0013] all the metallic elements in the transparence electric conduction film which the content of an additive has 
the desirable thing which can control crystallization of a component, without raising the resistance of the 
transparence electric conduction film, and to do for extent addition, and is added preferably receiving -- a 
metallic element ratio - a total of 0. 1 to 5 at% - especially - about 0.2-3. Oat% -- adding is desirable. In order 
to make an additive exist in the transparence electric conduction film in the above-mentioned range, if it is a 
spatter, the target of a desired presentation will be used in the above-mentioned presentation range, in order to 
compensate this with an oxygen deficiency - sputtering gas - adding - 02 etc. - what is necessary is to mix 
and just to use oxygen gas What is necessary is just to introduce the partial pressure of oxygen gas so that it 
may become about 0.1 - 30% to sputtering gas. In addition, what is necessary is just to adjust the optimal partial 
pressure suitably according to these conditions according to membrane formation conditions, such as substrate 
temperature, sputtering gas **, a target, distance between substrates, and injection power, since the amounts of 
the oxygen incorporated in the transparence electric conduction film differ even if it introduces oxygen gas on 
the same partial pressure conditions. 

[0014] As transparence electric conduction film, what considered either tin dope indium oxide (ITO), zinc dope 
indium oxide (IZO), indium oxide (In 203), the tin oxide (Sn02) and a zinc oxide (ZnO) as the main 
presentation is desirable. These oxides may be somewhat deflected from the stoichiometric composition. At 
ITO, it is usually In 203. Sn02 Although contained with stoichiometric composition, some amounts of oxygen 
may be deflected after this. InOX and SnOY When it carries out, the range of X of 1.6-2.4 is [ 1 0-2.0Y ] 
desirable. In 203 It receives and is Sn02. 1 - 20wt% of a mixing ratio is desirable, and is desirable. [ further 5 - 
12wt% of] In 203 It receives, and 1 - 20wt% of the mixing ratio of ZnO is desirable, and is desirable [ further 
5-12wt%of] 

[0015] In case the transparence electric conduction film thru/or a positive electrode are formed using a spatter, it 
is desirable to make it the membrane formation conditions with which membranes are formed especially in DC 
spatter and the product of membrane formation gas pressure and the distance between substrate targets fills 20 - 
65 Pa-cm using the mixed gas which contains Ar, Kr, Xe, or at least one or more sorts of these gas in sputtering 
gas. 

[0016] In addition to this by the inert gas used for the usual sputtering system, and the reactant spatter, the 
above-mentioned reactant gas of sputtering gas is usable, but it is preferably desirable to use the mixed gas 
which contains Ar, Kr, Xe, or at least one or more sorts of these gas in the main sputtering gas. These are inert 
gas, and since atomic weight is comparatively large, they are desirable, and Ar, Kr, and Xe simple substance are 
especially desirable. As the atom by which the spatter was carried out by using Ar, Kr, and Xe gas reaches even 
to a substrate, the above-mentioned gas and a collision are repeated, kinetic energy is decreased, and a substrate 
is reached. It becomes possible from this to form a positive electrode with more strong amorphous nature, and 
grain growth is controlled and a film front face becomes more smooth. 

[0017] Moreover, when the mixed gas containing at least one or more sorts of gas of Ar, Kr, and Xe may be 
used and it uses such mixed gas, the sum total of the partial pressure of Ar, Kr, and Xe is used as main 
sputtering gas as 50% or more. Thus, a reactant spatter can also be performed, maintaining the above-mentioned 
effectiveness by using the mixed gas which combined the gas of the at least one sort and arbitration of Ar, Kr, 
and Xe. 

[0018] When using Ar, Kr, or Xe for sputtering gas as main sputtering gas, preferably the product of the above- 
mentioned distance between substrate targets Especially 25 to 55 Pa-cm When Ar is used, respectively : 30 - 50 
Pa-cm, : when Kr is used : when 25 - 45 Pa-cm and Xe are used especially 20 to 50 Pa-cm especially, 20 to 
50 Pa-cm, although the range of 20 - 40 Pa-cm is desirable, and a desirable result can be obtained even if it will 



use one of sputtering gas, if it is these conditions It is desirable to use especially Ar. 
[0019] Although the high frequency spatter using RF power source as a spatter etc. is possible, in order to 
lessen the damage to the organic EL device structure, it is desirable to use DC spatter. As power of DC 
sputtering system, they are 0.1-4 W/cm2, especially 0.5 - 1 W/cm2 preferably. It is the range. Moreover, 
especially a membrane formation rate has desirable 10-50nm range for ^y 5-100nm/. 
[0020] Thus, as for the obtained positive electrode, sheet resistance tends to increase. For this reason, when 
carrying out the laminating of that thickness with the transparent electrode used as a substrate, it is desirable to 
consider as a 10-20nm comparatively thin thing. Usually, the sheet resistance of a positive electrode is 200nm 
of thickness, and is 20-50ohms / ** extent. The maximum surface roughness (Rmax) of a positive electrode 
surface has especially more preferably desirable 5-30nm 50nm or less lOOnm or less preferably. Moreover, 0.5- 
lOnm is especially more preferably desirable [ the average surface roughness (Ra) ] 20nm or less 30nm or less 
preferably. When the front face of a positive electrode is made smooth, generating of a dark spot etc. can be 
controlled more and it is desirable. 

[0021] Moreover, the organic EL device of this invention may form a positive electrode on the transparence 
electric conduction film used as a substrate. Thus, by considering as the two-layer structure of the substrate 
transparence electric conduction film and a positive electrode, electrode resistance can be stopped low and it is 
desirable. As thickness of the substrate transparence electric conduction film, about 100-200nm is usually 
desirable. Although especially the upper limit is not regulated, when thinking the permeability of light as 
important, it is desirable to make permeability into 80% or more, and the thickness in that case has lOOnm or 
less desirable [ the thickness of a positive electrode in case membranes are formed on the substrate transparence 
electric conduction film has more preferably desirable 20nm or more lOnm or more preferably and ]. 
[0022] Moreover, when forming a positive electrode on the substrate transparence electric conduction film, it is 
desirable beforehand plasma treatment and to more specifically carry out a substrate transparence electric 
conduction film front face for a reverse spatter etc. By carrying out plasma treatment of the substrate 
transparence electric conduction film front face, flattening of the substrate transparence electric conduction film 
front face is carried out, and flattening also of the positive electrode formed after that is carried out. The 
desirable above-mentioned sputtering gas is used as conditions for a reverse spatter, and they are 0.5-1. OPa of 
gas pressure, injection power 0.5-3 W/cm2. It is desirable to carry out about 1 to 10 minutes with extent. 
[0023] In addition, in a big device like a display, resistance of positive electrodes, such as ITO, is strong, and 
since a voltage drop breaks out, metal wiring of aluminum etc. may be carried out. 

[0024] The organic electroluminescence light emitting device manufactured by this invention is pinched on a 
substrate by positive electrodes and these electrodes that have a cathode at a it top, has at least one-layer charge 
transportation layer and a luminous layer, respectively, and has a protection electrode as the maximum upper 
layer further. In addition, a charge transportation layer is omissible. And a cathode consists of the small metal, 
compound, or alloys of the work function preferably formed by the spatter, such as vacuum evaporationo and a 
spatter, and a positive electrode consists of the above-mentioned configuration. 

[0025] As a component of the cathode formed, the matter of a low work function which performs electron 
injection effectively is desirable. For example, K, Li, Na, Mg, La, Ce, calcium, Sr, Ba, aluminum, Metallic 
element simple substances, such as Ag, In, Sn, Zn, Zr, Cs, Er, Eu, Ga, Hf, Nd, Rb, Sc, Sm, Ta, Y, and Yb, Or it 
is good to use the compound of BaO, BaS, CaO, HflC, LaB6, MgO, MoC, NbC, PbS, SrO, TaC, ThC, Th02, 
ThS, TiC, TiN, UC, UN, U02, W2C, Y203, ZrC and ZrN, and Zr02 grade. Or in order to raise stability, it is 
desirable to use the alloy system containing a metallic element of two components and three components/As an 
alloy system, aluminum system alloys, In-Mg (Mg:50 - 80at%), etc., such as aluminum-calcium (calcium:5 - 
20at%), aluminum-In (In:l - 10at%), aluminum -Li (less than [ Li;0.1-20at% ]), and aluminum-R [R expresses 
the rare earth elements containing Y and Sc], are desirable, for example. Also in these, aluminum system alloys, 
such as aluminum simple substance, and aluminum -Li (Li:0.4 - 6.5(however, 6.5 is not included) at%) or 
(Li:6.5 - 14at%) aluminum-R (R; 0.1-25, especially 0.5 - 20at%), are hard to generate and have especially 
desirable compressive stress. Therefore, as a spatter target, such [ usually ] a cathode configuration metal and an 
alloy are used. These work functions are 4.5eV or less, and a metal 4.0eV or less and its alloy are [ especially a 
work function ] desirable. 

[0026] Since the shade electrode layer formed by using a spatter for membrane formation of a cathode has 
kinetic energy with comparatively high atom and atomic group by which a spatter is carried out as compared 
with the case of vacuum evaporationo, the surface migration effectiveness works and its adhesion in an organic 



layer interface improves. Moreover, since a surface oxide layer can be removed in a vacuum or the moisture and 
oxygen which stuck to the organic layer interface by the reverse spatter can be removed by performing a pre 
spatter, a clean electrode-organic layer interface and a clean electrode can be formed, consequently the highly 
defined and stabilized organic EL device is made. As a target, the alloy of said presentation range and the target 
which a metal independent is sufficient as and contains an addition component in addition to these may be used. 
Furthermore, even if it uses as a target the mixture of an ingredient which vapor pressure is large and is 
different, there is little gap of a presentation with the film and target to generate, and it does not have a limit of 
the material of construction by vapor pressure etc. like vacuum deposition, either. Moreover, it is not necessary 
to carry out long duration supply of the ingredient as compared with vacuum deposition, excels in the 
homogeneity of thickness or membraneous quality, and is advantageous in respect of productivity. 
[0027] Since the cathode formed of the spatter is the precise film, as compared with the **** vacuum 
evaporationo film, there is very little penetration of the moisture to the inside of the film, chemical stability is 
high, and a long lasting organic EL device is obtained. The pressure of the sputtering gas at the time of a spatter 
has the preferably desirable range of 0.1 -5Pa. Moreover, it is desirable to make it the membrane formation 
conditions with which the product of membrane formation gas pressure and the distance between substrate 
targets fills 20 - 65 Pa-cm like the above. 

[0028] In addition to this by the inert gas used for the usual sputtering system, and the reactant spatter, the 
reactant gas of sputtering gas of N2, H2, 02, C2H4, and NH3 grade is usable. 

[0029] Although the RF spatter using RF power source as a spatter etc. is possible, control of a membrane 
formation rate is easy, and in order to lessen the damage to the organic EL device structure, it is desirable to use 
DC spatter. As power of DC sputtering system, it is the range of 0. 1 - 10 W/cm2, especially 0.5 - 7 W/cm2 
preferably. Moreover, a membrane formation rate is 5 - 100 nm/min, especially 10-50 nm/min. The range is 
desirable. 

[0030] What is necessary is just to set preferably 50nm or more of thickness of a cathode thin film to lOOnm or 
more that what is necessary is just to consider as the thickness more than [ which can perform electron injection 
enough ] fixed. Moreover, although there is especially no limit in the upper limit, thickness is just usually about 
50-500nm. 

[003 1] The organic EL device of this invention may prepare a protection electrode in a cathode top, i .e., an 
organic layer and the opposite side. By preparing a protection electrode, a cathode is protected from the open 
air, moisture, etc., degradation of a configuration thin film is prevented, electron injection effectiveness is 
stabilized, and a component life improves by leaps and bounds. Moreover, this protection electrode is very low 
resistance, and when resistance of a cathode is high, it also has a function as a wiring electrode. When this 
protection electrode contains any one sort of aluminum, aluminum and transition metals (however, Ti is 
removed), Ti, or the titanium nitride (TiN), or two sorts or more and these are used independently, it is desirable 
respectively in a protection electrode aluminum:90 - 100at% and Ti:90 - 100at% and that TiN:90-100 mol% 
extent content is carried out at least. Moreover, although the mixing ratio when using two or more sorts is 
arbitrary, as for the content of Ti, in mixing of aluminum and Ti, less than [ 10at% ] is desirable. Moreover, the 
laminating of the layer which contains these independently may be carried out. When especially aluminum, 
aluminum, and transition metals are used as the below-mentioned wiring electrode, good effectiveness is 
acquired, corrosion resistance of TiN is high and its effectiveness as closure film is large. TiN may be deflected 
from the stoichiometric composition about 10%. furthermore, the alloy of aluminum and transition metals -- 
transition metals, especially Mg, Sc, Nb, Zr, Hf, Nd, Ta, Cu, Si, Cr, Mo, Mn, nickel, Pd, Pt, W, etc. -- desirable 
- these grand totals less than [ 10at% ] especially -- less than [ 5at% ] - especially - less than [ 2at% ] - 
you may contain. The thin film resistor at the time of making it function as wiring material is lowered, so that 
there are few contents of transition metals. 

[0032] In order that the thickness of a protection electrode may secure electron injection effectiveness and may 
prevent penetration of moisture, oxygen, or an organic solvent, the range of 100-1000nm is [ that what is 
necessary is just to consider as the thickness more than fixed ] especially preferably desirable [ thickness ] 100 
morenm or more 50nm or more. When a protection electrode layer is too thin, the effectiveness of this invention 
is not acquired, and the step coverage nature of a protection electrode layer becomes low, and connection with a 
terminal electrode becomes less enough. On the other hand, if a protection electrode layer is too thick, since the 
stress of a protection electrode layer will become large, the growth rate of a dark spot will become high. In 
addition, the thickness in the case of making it function as a wiring electrode is usually 100-500nm, when 



membrane resistance is high and compensates this, since the thickness of a cathode is thin. When functioning as 
extent and other wiring electrodes, it is about 100-300nm. 

[0033] What is necessary is just to usually set it to about 100-lOOOnm as thickness of the whole which 
combined the cathode and the protection electrode, although there is especially no limit. 
[0034] The example of a configuration of the organic electroluminescence light emitting device manufactured 
by this invention is shown in drawing 1 . The EL element shown in drawing 1 has the positive electrode 22, 
hole impregnation / transportation layer 23, luminescence and the electron injection transportation layer 24,' a 
cathode 25, and the protection electrode 26 one by one on a substrate 21 . 

[0035] The organic EL device of this invention can be considered not only as the example of illustration but as 
various configurations, for example, can prepare a luminous layer independently, and can also make it the 
structure where the electron injection transportation layer was made to intervene between this luminous layer 
and cathode. Moreover, hole impregnation / transportation layer and a luminous layer may be mixed if needed. 
[0036] Although a positive electrode and a cathode can be formed as mentioned above and organic layers, such 
as a luminous layer, can be formed with vacuum deposition etc., each of these film can cany out patterning by 
approaches, such as etching, after mask vacuum evaporationo or film formation if needed, and can obtain a 
desired luminescence pattern by this. Furthermore, a substrate is a thin film transistor (TFT) and it can also 
consider as a display and a drive pattern as it is by forming each film according to the pattern. 
[0037] after electrode membrane formation - said protection electrode -- in addition, SiOX etc. - the protective 
coat using organic materials, such as a carbon fluoride polymer containing an inorganic material, Teflon, and 
chlorine, etc. may be formed. A protective coat may be transparent, or may be opaque, and thickness of a 
protective coat is set to about 50-1200nm. What is necessary is just to form a protective coat with a general 
spatter, vacuum deposition, etc. besides the above mentioned reactant spatter. 

[0038] Furthermore, in order to prevent oxidation of the organic layer of a component, or an electrode, it is 
desirable to form a closure layer on a component. A closure layer pastes up and seals closure plates, such as a 
glass plate, using adhesive resin layers, such as commercial photoresist adhesives of low hygroscopicity, epoxy 
system adhesives, silicone system adhesives, and a bridge formation ethyl ene-vinyl acetate copolymer adhesives 
sheet, in order to prevent invasion of moisture. A metal plate, a plastic sheet, etc. can also be used besides a 
glass plate. 

[0039] In a configuration of taking out the light which emitted light from the substrate side as a substrate 
ingredient, the transparence thru/or translucent ingredient of glass, a quartz, resin, etc., etc. is used. Moreover, 
the luminescent color may be controlled using the color conversion film which contains the color filter film and 
the fluorescence matter in a substrate, or the dielectric reflective film. 

[0040] What is necessary is to adjust the property of a color filter according to the light in which organic 
electroluminescence emits light, and just to optimize ejection effectiveness and color purity, although what is 
necessary is just to use for the color filter film the color filter used with the liquid crystal display etc. 
[0041] Moreover, if the color filter which can cut the outdoor daylight of short wavelength in which an EL 
element ingredient and a fluorescence conversion layer carry out light absorption is used, the lightfastness and 
display contrast of a component will also improve. 

[0042] Moreover, it is good as for instead of a color filter using an optical thin film like dielectric multilayers. 
[0043] Although the color conversion film containing the fluorescence matter is absorbing the light of EL 
luminescence and making light emit from the fluorescent substance in the color conversion film and performs 
color conversion of the luminescent color, it is formed from three, a binder, a fluorescence ingredient, and a 
light absorption ingredient, as a presentation. 

[0044] As for a fluorescence ingredient, it is [ that what is necessary is just to use what has a high fluorescence 
quantum yield ] fundamentally desirable for absorption to be strong in EL luminescence wavelength region. 
What is necessary is in fact, for laser coloring matter etc. to be suitable and just to use a rhodamine system 
compound, a perylene system compound, a cyanine system compound, a phthalocyanine system compound (for 
subphtalo etc. to be included), a naphthalo imide system compound, a condensed-ring hydrocarbon system 
compound, a condensation compound ring system compound, a styryl system compound, a coumarin system 
compound, etc. 

[0045] As for a binder, what can do detailed pattern NINGU in photolithography, printing, etc. is [ that what is 
necessary is just to choose an ingredient which does not quench fluorescence fundamentally ] desirable. 
Moreover, an ingredient which does not receive a damage at the time of membrane formation of ITO is 



desirable. 

[0046] When the light absorption of a fluorescence ingredient is insufficient, it uses, but when there is no need, 

it is not necessary to use a light absorption ingredient. Moreover, a light absorption ingredient should just 

choose an ingredient which does not quench the fluorescence of a fluorescence ingredient. 

[0047] Next, the organic layer prepared in the EL element of this invention is described. 

[0048] A luminous layer has an electron hole (hole) and electronic impregnation functions, those transportation 

functions, and the function to make the recombination of an electron hole and an electron generate an exciton. It 

is desirable to use a neutral compound for a luminous layer comparatively electronically. 

[0049] A charge transportation layer has the function which bars the function which makes easy impregnation 

of the electron hole from a positive electrode, the function to convey an electron hole, and an electron, and is 

also called a hole-injection transportation layer. 

[0050] In addition, when the electron injection transportation function of the compound used for a luminous 
layer if needed is not so high, the electron injection transportation layer which has the function which bars the 
function which makes impregnation of the electron from a cathode easy, the function to convey an electron, and 
an electron hole may be prepared between a luminous layer and a cathode as mentioned above. 
[005 1] A hole-injection transportation layer and an electron injection transportation layer increase - Make the 
electron hole and electron which are poured in to a luminous layer shut up, make a recombination field 
optimize, and improve luminous efficiency. 

[0052] In addition, a hole-injection transportation layer and an electron injection transportation layer may be 
separately prepared in a layer with an impregnation function, and a layer with a transportation function in each. 
[0053] Especially although the thickness of a luminous layer, the thickness of a hole-injection transportation 
layer, and especially the thickness of an electron injection transportation layer are not limited but it changes also 
with formation approaches, it is usually desirable to be referred to as 10-200nm about 5-1000nm. 
[0054] What is necessary is just to make them into comparable as the thickness of a luminous layer or 1 / about 
10 to 10 times, although the thickness of a hole-injection transportation layer and the thickness of an electron 
injection transportation layer are based also on a setup of recombination / luminescence field. When dividing 
the impregnation layer and transportation layer of an electron or an electron hole, as for lnm or more and a 
transportation layer, it is [ an impregnation layer ] desirable to be referred to as 20nm or more. The upper limit 
of the thickness of the impregnation layer at this time and a transportation layer is usually about lOOOnm in an 
impregnation layer in about lOOnm and a transportation layer. It is also the same as when preparing two layers 
of impregnation transportation layers about such thickness. 

[0055] Moreover, taking into consideration the carrier mobility and the carrier consistency (decided by 
ionization potential and the electron affinity) of the luminous layer and electron injection transportation layer to 
combine, or a hole-injection transportation layer, by controlling thickness, it is possible to design a 
recombination field and a luminescence field freely, and design of the luminescent color, control of the 
luminescence brightness and emission spectrum by the cross protection of two electrodes, and control of the 
spatial distribution of luminescence are enabled. 

[0056] The luminous layer of the EL element of this invention is made to contain the fluorescence matter which 
is the compound which has a luminescence function. As this fluorescence matter, metal complex coloring 
matter, such as tris (8-quinolinolato) aluminum [Alq3] which is indicated by JP,63 -264692, A etc., is mentioned, 
for example. In addition, in addition to this, Quinacridone, a coumarin, rubrene, styryl system coloring matter, 
other tetra-phenyl butadienes, an anthracene, BERIREN, coronene, a 12-free-wheel -plates lobelia non 
derivative, etc. can also be used alone. A luminous layer may serve as an electron injection transportation layer, 
and, in such a case, it is desirable to use tris (8-quinolinolato) aluminum etc. What is necessary is just to vapor- 
deposit these fluorescence matter. 

[0057] Moreover, organometallic complexes, such as tris (8-quinolinolato) aluminum, an OKISA diazole 
derivative, a BERIREN derivative, a pyridine derivative, a pyrimidine derivative, a quinoline derivative, a 
quinoxaline derivative, a diphenyl quinone derivative, a nitration fluorene derivative, etc. can be used for the 
electron injection transportation layer prepared if needed. As mentioned above, an electron injection 
transportation layer may have a luminous layer, and, in such a case, it is desirable to use tris (8-quinolinolato) 
aluminum etc. What is necessary is just to depend formation of an electron injection transportation layer as well 
as a luminous layer on vacuum evaporationo etc. 

[0058] In addition, when dividing and carrying out the laminating of the electron injection transportation layer 



to an electron injection layer and an electronic transportation layer, desirable combination can be chosen and 
used out of the compound for electron injection transportation layers. At this time, it is desirable to carry out a 
laminating to the order of the layer of a compound with the large value of an electron affinity from a cathode 
side. It is also the same as when preparing an electron injection transportation layer more than two-layer about 
such order of a laminating. 

[0059] Moreover, the various organic compounds indicated by JP,63-295695,A, JP,2-191694,A, JP,3-792 A 
JP,5-234681,A, JP,5-239455,A, JP,5-299174,A, JP,7- 126225, A, JP,7- 126226, A, JP, 8- 100 172, A, and 
EP0650955A1 grade can be used for a hole-injection transportation layer. For example, they are a tetra-aryl 
BENJISHIN compound (thoria reel diamine thru/or triphenyl diamine: TPD), the third class amine of aromatic 
series, a hydrazone derivative, a carbazole derivative, a triazole derivative, an imidazole derivative, the 
OKISAJI asylum derivative that has an amino group, the poly thiophene, etc. Two or more sorts may be used 
together, when using together, these compounds are used as another layer, and they carry out a laminating or 
they should just mix them. 

[0060] When dividing and carrying out the laminating of the hole-injection transportation layer to a hole- 
injection layer and an electron hole transportation layer, desirable combination can be chosen and used out of 
the compound for hole-injection transportation layers. At this time, it is desirable to carry out a laminating to 
the order of the layer of the small compound of ionization potential from positive electrode sides (ITO etc.). 
Moreover, it is desirable to use a filmy good compound for a positive electrode surface. About such order of a 
laminating, it is also the same as when preparing a hole-injection transportation layer more than two-layer. By 
making it such order of a laminating, driver voltage can fall and generating of current leak, and generating and 
growth of a dark spot can be prevented. Moreover, when component-izing, since vacuum evaporationo is used, 
the about l-10nm thin film can also prevent decline in the effectiveness by color tone change and resorption of 
the luminescent color, even if ionization potential is small in a hole-injection layer and it uses a compound 
which has absorption in a visible region, since it can consider as homogeneity and a pinhole free-lancer. 
[0061] A hole-injection transportation layer should just vapor-deposit the above-mentioned compound like a 
luminous layer etc. 

[0062] It is desirable to use a vacuum deposition method for formation of a hole-injection transportation layer, a 
luminous layer, and an electron injection transportation layer, since a homogeneous thin film can be formed 
When a vacuum deposition method is used, a homogeneous thin film 0. 1 micrometers or less is obtained for an 
amorphous condition or the diameter of crystal grain. If the diameter of crystal grain is over 0.1 micrometers, it 
will become uneven luminescence, driver voltage of a component must be made high, and the injection 
efficiency of a charge will also fall remarkably. 

[0063] Although especially the conditions of vacuum deposition are not limited, it considers as the degree of 
vacuum of 10 - 4 or less Pa, and, as for an evaporation rate, it is desirable to consider as 0.01 - 1 nm/sec extent. 
Moreover, it is desirable to form each class continuously in a vacuum. If membranes are continuously formed in 
a vacuum, since it can prevent an impurity sticking to the interface of each class, a high property is acquired. 
Moreover, driver voltage of a component can be made low or growth and generating of a dark spot can be 
suppressed. 

[0064] When using a vacuum deposition method for formation of these each class and making one layer contain 
two or more compounds, it is desirable that carry out temperature control of each boat into which the compound 
was put, and it carries out vapor codeposition according to an individual. 

[0065] Although the organic EL device of this invention is used as an EL element of a direct-current drive 
mold, it can also usually be considered as an alternating current drive or a pulse drive. Applied voltage is 
usually made into about 2-20V. 
[0066] 

[Example] Hereafter, the concrete example of this invention is shown with the example of a comparison, and 
this invention is further explained to a detail. 

[0067] <Example 1> The glass substrate was fully washed and dried with neutral detergent, and it set to the 
substrate electrode holder of the sputtering system for membrane formation. The inside of a tub is 
decompressed to 1x10 - 4 or less Pa, and it is ITO-Mo02 by DC spatter. It considered as the target and the 
positive electrode was formed in thickness of lOOnm. The used target is ITO (Sn: 10wt%) and Mo02. What was 
mixed so that it might become 2 at% by the metallic element ratio was used. Ar is used for the sputtering gas at 
this time, and it is 02 as addition gas to this. It mixed so that it might become 2% of partial pressures, the 



pressure at the time of a spatter - the distance (Ts) between 0.1 5Pa and a target-substrate 9.0cm and injection 
power -1.2 W/cm2 it was . 

[0068] When the sheet resistance of the obtained positive electrode was measured, it was 60ohm/**, and this 
value is comparable as that of the ITO thin film which does not mix an additive, and there was no increment in 
the sheet resistance by mixing of an additive, the place which carried out the quantum of the content of Mo 
element in a positive electrode thin film with X-ray fluorescence equipment - all the metallic elements of ITO - 
- comparing -- Mo element - 1.95 at% -- existing in the film was checked. 

[0069] Furthermore, when the surface roughness of a positive electrode thin film was measured using AFM, it 
was maximum surface roughness (Rmax) =30nm and average surface roughness (Ra) =10nm, and the surface 
projection by abnormality grain growth was not accepted, but it was checked that a front face is very smooth. 
[0070] Thus, the organic EL device was produced in the following procedures using the substrate with which 
the obtained positive electrode was formed. 

[0071] Patterning was carried out so that the substrate with which the positive electrode was formed might be 
taken out in atmospheric air and an electrode could be separated and taken out. Then, it cleaned ultrasonically 
using neutral detergent, an acetone, and ethanol, and subsequently it pulled up out of boiling ethanol, and dried. 
It is this transparent electrode front face UV/03 After washing, it fixed with the substrate electrode holder of a 
vacuum evaporation system, and the inside of a tub was decompressed to 1x10 - 4 or less Pa. 
[0072] Subsequently, with the reduced pressure condition maintained, N, the N'-diphenyl-m-tolyl -4, the 4- 
diamine -1, and a l'-biphenyl (TPD) were vapor-deposited in thickness of 55nm by evaporation rate 0.2 nm/sec, 
and it considered as the hole-injection transportation layer. 

[0073] Furthermore, it is Alq3, with reduced pressure maintained. : Tris (8-quinolinolato) aluminum was vapor- 
deposited in thickness of 50nm by evaporation rate 0.2 nm/sec, and it considered as electron injection 
transportation and a luminous layer. 

[0074] Subsequently, it moved from the vacuum evaporation system to the sputtering system, and the cathode 
was formed in thickness of 200nm by using an aluminum-Sm alloy (Sm; 10at%) as a target in DC spatter. It 
could be distance (Ts)9.0cm between 3.5Pa of gas pressure, and a target and a substrate at the sputtering gas at 
this time using Ar. moreover, injection power - 1.2 W/cm2 it was . 

[0075] It is Si02 to the last. The spatter was carried out to the thickness of 200nm, and the organic 
electroluminescence light emitting device was obtained as a protective layer. This organic electroluminescence 
light emitting device makes every two parallel stripe-like cathodes and eight parallel stripe-like positive 
electrodes intersect perpendicularly mutually, respectively, arranges the component simple substance (pixel) of 
each other in every direction 2x2mm at intervals of 2mm, and uses it as the 16-pixel component of 8x2. 
[0076] It is N2 to this organic thin film light emitting device. Direct current voltage is impressed in an ambient 
atmosphere, and it is 2 10m A/cm. The continuation drive was carried out with fixed current density. In early 
stages, it is 9V, and 350 cds/m2. Green (luminescence maximum wave length lambdamax =520nm) 
luminescence has been checked. The half line of brightness was 800 hours and the rise of driver voltage in the 
meantime was 2V. 

[0077] About the obtained organic EL device, it investigated about the maximum surface roughness (Rmax) of 
the initial average luminescence brightness of 160 pixels (ten elements), the inter-electrode current leak number, 
and a positive electrode and average surface roughness (Ra), a luminescence half-life, and the generating 
existence (from luminescence initiation to after 200-hour progress) of a dark spot, and the result was shown in 
Table 1. The following criteria estimated the existence of generating of a dark spot. 
O **-less :dark spot all O : it can check to two or less 10mm angular domains of a luminescence side, 
x: It can check to three or more 10mm angular domains of a luminescence side. 
A result is shown in Table 1 . 

[0078] <Example 2> Mo02 which is an additive in positive electrode formation of an example 1 Mo metallic 
element ratio was made into 5at%, and also the positive electrode thin film was formed like the example 1. 
When the sheet resistance of the obtained positive electrode thin film was measured, the increment in sheet 
resistance was not checked like the example 1. furthermore, the place which measured Mo element content like 
the example 1 -- all the metallic elements of ITO - comparing - Mo element -- 4.5at(s)% - containing was 
checked. 

[0079] The organic EL device was produced and evaluated like the example 1 using the substrate with which 
the laminating of the obtained positive electrode thin film was carried out. A result is shown in Table 1. 



[0080] <Example 3> Mo02 which is an additive in positive electrode formation of an example 1 It replaces 
with and is Ru02. It considered as 2at(s)% by the metallic element ratio, and also the positive electrode thin 
film was formed like the example 1. When the sheet resistance of the obtained positive electrode thin film was 
measured, the increment in sheet resistance was not checked like the example 1. furthermore, the place which 
measured Ru element content like the example 1 - all the metallic elements of ITO - receiving - Ru element - 
1.90at(s)% — containing was checked. 

[0081] The organic EL device was produced and evaluated like the example 1 using the substrate with which 
the laminating of the obtained positive electrode thin film was carried out. A result is shown in Table 1. 
[0082] <Example 4> In positive electrode formation of an example 1, lOOnm of ITO transparence electric 
conduction film was formed using the ITO target which does not mix an additive. Subsequently, the reverse 
spatter of the front face of the obtained ITO thin film during 1 minute was carried out, and the surface layer was 
removed, the conditions at this time - RF spatter - using - 0.3Pa of Ar gas pressure, and injection power 3.0 
W/cm2 it was . 

[0083] Subsequently, it is ITO-Mo02 on an ITO thin film like an example 1. 30nm of positive electrodes was 
formed. When the sheet resistance of the obtained positive electrode thin film was measured, the increment in 
sheet resistance was not checked like the example 1 . 

[0084] The organic EL device was produced and evaluated like the example 1 using the substrate with which 
the laminating of the obtained positive electrode thin film was carried out. A result is shown in Table 1. 
[0085] By carrying out the reverse spatter of the ITO thin film front face beforehand before membrane 
formation of a positive electrode shows that comparatively big particle and projection which exist in a front face 
irregularly can be removed, and generating of inter-electrode current leak can be controlled so that clearly from 
Table 1. 

[0086] <Example 5> In positive electrode formation of an example 4, sputtering gas ** was changed to 3.5Pa, 
and also it is ITO-Mo02 on an ITO thin film like an example 4. lOnm of positive electrodes was formed. When 
the sheet resistance of the obtained positive electrode thin film was measured, the steep increment in sheet 
resistance was not checked like the example 1. 

[0087] The organic EL device was produced and evaluated like the example 1 using the substrate with which 
the laminating of the obtained positive electrode thin film was carried out. A result is shown in Table 1. 
[0088] <Example 6> It sets to positive electrode formation of an example 1, and is ITO-Mo02. It replaces with 
a target. Cr02, Fe 304, Ir02, Mn02, and Mo02, NbO, Nb02, Os02 and Pt02, Re02 (beta) and Re03 Rh02 
Ru02, Ti 203, Ti 305, Ti 407, and Ti 509, W02 and W18049, V203 and V - 407, V509, V601 1, and V --' 
7013, V8015, V02, and V6013 an additive -- a metal ratio - respectively - 2.0at(s)% - the added target was 
used and also the positive electrode thin film was formed like the example 1, respectively. 
[0089] When the organic EL device was produced and evaluated like the example 1 using the substrate with 
which the laminating of each obtained positive electrode thin film was carried out, although the driver voltages 
at the time of luminescence etc. differed slightly, the almost same result as an example 1 was able to be 
obtained by the difference in an additive. 

[0090] <Example 7> It sets to positive electrode formation of an example 1, and is ITO-Mo02. It replaces with 
a target. Cu20, Cr203, MnO, Mn 203, FeO, CoO and Co 304, BaO, and Pr 203, Ag20 and Bi203, It is made 
to be the same as that of an example 1. the additive of Ti02, Th02, V205, Nb 205, Ta 205, Mo03, W03, 
LaCr03, LaMn03, BaTi03, and NiO - a metal ratio - respectively - 1.5at(s)% - the added target having been 
used and also The positive electrode thin film was formed, respectively. 

[0091] Although it was in the inclination for the driver voltage at the time of luminescence by the increment in 
sheet resistance to go up when the organic EL device was produced and evaluated like the example 1 using the 
substrate with which the laminating of each obtained positive electrode thin film was carried out, the almost 
same result as an example 1 was able to be obtained. 

[0092] <Example 8> In positive electrode formation of an example 1, it changes to an ITO target, and they are 
IZO, In 203, and Sn02 And the ZnO:aluminum target (aluminum:2wt%) was used, respectively, and also the 
positive electrode thin film was formed like the example 1, respectively. 

[0093] When the organic EL device was produced and evaluated like the example 1 using the substrate with 
which the laminating of each obtained positive electrode thin film was carried out, although the driver voltages 
at the time of luminescence etc. differed slightly, the almost same result as an example 1 was able to be 
obtained by the difference in the sheet resistance by the positive electrode material. 



[0094] <Example 9> In positive electrode formation of an example 5, conditions were changed so that the 
product between gas pressure-substrates might be set to 20-65Pa, and also the positive electrode thin film was 
formed like the example 5, respectively. As conditions at this time, it carried out in four points 2 5Pa 9cm 
6.0Pa, 9cm, 8.0Pa, 5cm, 8.0Pa, and 7cm. 

[0095] When the organic EL device was produced and evaluated like the example 5 using the substrate with 
which the laminating of each obtained positive electrode thin film was carried out, it was the almost same result 
as an example 5. 

[0096] <Example 1 of a comparison> In positive electrode formation of an example 1, using the ITO target 
which does not mix an additive, lOOnm of ITO transparence electric conduction film was formed, and it 
considered as the positive electrode. When the front face of the obtained positive electrode thin film was 
evaluated using AMF, the particle-like foreign matter was accepted partially and it was checked that much 
projections exist in a front face. More than maximum surface roughness (Rmax) =100nm at this time, average 
surface roughness (Ra) = it was about 30nm. 

[0097] The organic EL device was produced like the example 1 using the substrate with which the laminating of 
this positive electrode thin film was carried out. The continuation drive of the obtained organic EL device was 
carried out like the example. In early stages, it is 9V, and 350 cds/m2. Green (luminescence maximum wave 
length lambdamax -520nm) luminescence has been checked. The half line of brightness was 800 hours, and the 
rise of driver voltage in the meantime was 2V, and was the same as that of the luminescence property of an 
example 1. 

[0098] About this organic EL device, it evaluated like the example 1. A result is shown in Table 1. 
[0099] Although luminescence brightness and driver voltage were the same as that of an example 1, there was 
quite much inter-electrode leak generating number, and it was [ generating of a dark spot ] remarkable, so that 
clearly from Table 1. The grain growth in a positive electrode surface arises, and a projection occurs on a front 
face, or this is that flat [ surface ] is spoiled and is considered because the luminescence property is affected. 
[0100] <Example 2 of a comparison> In positive electrode formation of an example 1, Mo metallic element 
ratio was made into 20at(s)%, and also lOOnm of positive electrodes was formed like the example 1. When the 
light transmittance in the light field of the obtained positive electrode was measured, 55% and permeability 
were getting worse extremely, the place which carried out the quantum of the content of Mo element in a 
positive electrode thin film like the example 1 - all the metallic elements of ITO - comparing Mo element - 
19at(s)% - existing in the film was checked, thus, the inside of transparence electric conduction film, such as 
ITO, -- Mo02 etc. - permeability will be decreased if an oxide is contained so much. Although a positive 
electrode may be used as a transparent electrode in case an organic EL device is applied to a display etc., in 
such a case, generally, it is supposed that the permeability of the light of a positive electrode is required 80% or 
more. Thus, in order to make the permeability of light into less than 80%, it is necessary to consider as the 
oxide addition of the range of this invention. 
[0101] 
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[0102] 

[Effect of the Invention] It is good, and the adhesion in an organic layer interface and electron injection 
effectiveness can raise a luminescence property, the damage to an organic layer also has them, they control 
generating of a dark spot, and can realize the organic EL device which has a cathode with little performance 
degradation. [ little ] 
[0103] 



[Translation done ] 



